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IMPLANTABLE OR INSERTABLE MEDICAL DEVICES 
FOR CONmOLLED DELIVERY OF A TIIERAPEUTIC AGENT 

FIELD OF THE INVENTION 

[OQOI J The present invention relates to implantable or insertable medical devices for 
controlled deKveiy of one ormore feerapeutic agents. 

BACKGROUND OF THE INVEHHON 

{90021 Numerous medical dences bave been developed for the delivesEy of 
8ietapett& agents to the body. 

10003] In acoorctsnce with some delivery strategies, a tiierapeutic agent is provided 
(a) within a polymenc carrier layer and/or (fa) beneath a polymeric barrier layer that is 
associated with an implantable or insertable medical device. Once the medical device is 
placed at the desired location within a patient tlie tlierapentic agent is released fixon the 
medical device at a rate &at is dependent upon the nature of iJie polymeric cairier aad/or 
barrier layer. 

|0094| The desired release profile for the therapentic agent i^; dependent upon tiie 
partkular treatment at hand, including the specific condition being treated, the specific 
therapeutic agent selected, the specific site of administralaon, and so fbrfti. As a result, 
feere is a continuing need for polymeric layers, inclnding polymeric barrier layeis and 
earner layers, that are able to provide a broad range of therapeutic agent release rates, 

SUMMARY OF THE INVENTION 

[00051 The present invention is directed In novel implantable or insertable medical 
devices, which provide for release of a th^apeutic agent According to a first aspect of 
fee present invention, a therapentic-agent-ieleasing medical device is provided, which 
comprises; (a) m implantable or insertable nisdical device; (b) a release layer disposed 
over at least a portion of the impkatable or iasertabi© medical dsjvice; and (c) a 
therap-etitic agent The rdease layer comprises a stjTrens copolytner and an additional 
polj-mer. The release layer regulates the rate of release of the therapeutic agent from the 
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medical device upon implantation or inseititsi of iie device into & patieat Alteinadng and 
random stjTsne copolymers are fHieferred, 

|0006 j In some embodimente, fee release layer is a carrier laj^er that compiises tiie 
therapeutic agent, in other enjbodimenis, fee release layer is a barrier layer disposed over 
a iJiesapetttic-agent-containing region, which comprises &e therapeutic a^nt. 
{0607 j Preferred medical devices inclitde catheters, goide wires, balioons, fiiters, 
stents, stent grafts, vascakt gratis, vascular patches, shimts, and intralumim! paving 
systems. The device can be adapted, for exampfoj for implanlation or insertion mto fee 
coronary vafscui&ture, peripheral vascular system, esoph&gas, teachea, colon, biliary tract, 
uiinaiy tract, prostate or brain. 

[OOOS] Beneficial therapeutic agaits for the practice of the present invention include 
snti-thrombotic agents, aati-proHferaiive ageiifs, anti-infiaHHiiatorj^agei^ anti-migratoiy 
agents, agents aJ^ctlng exixaoeilular niatrix production and organis^tios, antineoplastic 
agenfe, anti-mitotic agents, anesthetic agents, anti-coagalants, vascaiaj cell growth 
promoters, vaacular cell growth inhibitors, choIeateroHowenng ageute, vasodilating 
agents, and agents tot mteiJfere with eadogenons vasoactive mechanisms. 
[0009j Prefeited sAyrene eopolymm include copolymers comprising (a) a slyrene 
monomer and (b) a manomer comprismg a carbon-carbon doitbls bond. Monomers 
comprisiftg a caAon-carbon donble bond include alkylene monomcirs (e.g., ethylene, 
propyl^s, butadiene, biriylmes, isobutylene and isoprene), vmy! monomers {e.g., vinyl 
ethers, vinyl acetates, vinyl alqihatics, haloggnated vinyl compounds, vinyl pyrrolidone, 
acrylanitrile, vinyl aJcohols, and vinyl aciylaiaides), aciyiate monomers or derivatives of 
the same (e.g., methyl aciyiate, mefeyl metha<3ylate, actylic acid, mefeacrylic acid, 
hydroxyethyl acrylate, hydroTQ'ethy! methacryiatB, glycjetyl acrylate, glycol 
methacrj'late, actylamide, methactylamide and etbacrylamlde), and maleic anhydride 
monomers or derivatives of the same (e.g., maleic aniiydride, mafeic anhydride m. a See 
acid form, maleic anhydride in a salt fomi, or maleic anhydride iir apailial ester form). 
Specific styTcne copolymers jfor fee practice of fts present invention include copolymsts 
of styrene and maleic anhydride and copolymers of st>Tene and acrybnitrile. 
In scsm embodiments, fee additioBal polymer is blended wife, the stjiece copolymer in 
the release layer. In ofeers, the additional polymer is crossiinked wife fee atyrene 
copolymer in the release layer. Specific examples of additional polymers for fee pmctice 
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of the present inveiition incliide elastomers such as t)ie foi bwmg: (1) copo1>iBeis 
cotitoining (a) one or more blocks of polyisobutyisne and (b) one or more blocks of 
polystyreue or poly-alpki-iriethyistjiene, (2) copoljmers contaiismg (a) one or more 
blocks of polystjarene or poly-alpha-metiij-lstyisne and QS) one or more polymer bbcks of 
ethylene and butylene, and (3) poly(bu<yl methacrylates), 

{001 0| According to another aspect of the present mventaoTis a method of making a 
therapeutic-agent-releasing medical device is provided. The raefeod comprises: (a) 
providing a solution comprimag oos or more solvents^, a styieae copolymer aadaa 
additional polymer, (b) appiyajg the solution to a surface of as implairtable or fesertable 
medical device; and (c) removing fhe solvmts from tiie solution to foim a lekass layer. 
Soh'eat sprajfeg is a psefeited technique for applying the above solution, 
[0011 1 in some embodiments, far example, whess a carriet layer is being formed, j}je 
solution fitrfber comprises the therapeutic agent In otiher eEnbodstnenis, for exsmaple, 
where a barrier layer is being fomied, the solution is applied over a therapeutic-agent- 
containing re^on that comprises tite therapeutic agent 

[0012j According to another aspect of i^ie ptesent invention, a metiiad of modulatiag 
a rate of release of a therapeutic agent &om a release layer is provided. The release layer 
is disposed over at least a portion of an implantable or insertabie medical device and 
comprises a styiene copolymer and an additional polymer. Release is modulated by 
changing the composition of the release layer. In some aEnbodim«ats, liie retee rate can 
be modulated by dianging the amount of the s^rotie cqjolymer relative to the amount of 
the additional polymer, JFor example, (he rate of release of the thsr^eutic agent can be 
increased in certain embodiments by increasing the amount of the sfyrene copolymer 
relative to the amount of the additional polymer, while the rate of release can be 
decreased by decreasing tiie amount of fiie styrejie copolymer relative to the amount of 
fee additional polymer, 

{00131 In other «smbodiments, &c release mte is modulated by changing the 
moiecukr weight of the stytms copolymer. In still other embodiments, the relssse rate is 
modulated by clmnging the amount of the stjorene monomer relative to &e total amount of 

BTOTiortier witMii the styrsns copoljuier. 

{0014] One advantage of the present iavcntioa is that implantable or insertabie 
medical devices are provided, which provide for controlled release of a &erapeutic agent 
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iOOJSj Another advantage of the pressent invention is feat implantable or msertable 
Biedicai devices are provided, wMch are able to provide thempeutic agcat lelease over a 
wide vaiiet}' of titiie fcttaes. 

|001 6] Aiiofeer advantage of the pr^iit inventioH is fiiat effectiw strdtegies are 
provided for controlimg tiie release profile of a therapsutiG agent j&om an impIaataMe or 

insertabie medical device. 

[0017| ITiese and ote eaibodiments and advantages of Qie present inymtioti will 
become immediatsiy apparent to those of onitnaiy skill in the art apon review of ihs 
Detailed Description and Claims to follow. 

BRIEF DESCKIFTION OB THE DRAWINGS 

[0018] Fig, 1 illnsliates camulativB release of paclitaxel as a function of time for 
carrier layers conteining paclitaxel and (a) poly(baiyi meiimciylate) homopolymer, (b) 
polystytena-polyisobutylene-polystyrene block copolymer, (c) polystyreae-b- 
poly(ethyiene~r-ba1yie!ne)-b-pol3^tyrene block copolymer, (d) poly(buiyl meihacrylate) 
homopolyiner blended wifli a raudom copolymer of siyiene and raaleic anhydride, (e) 
polystyrene-poiyisobntyleaie-polystyrene block copolymer blended with a random 
copolymer of styrene and maleio anhydcide and (f) polysiyrene-b-poly(ethylenc-r- 
butj'iene)-b-polysJyrene block copolymer blended vrath a random copolymer of atyrene 
and maleic anbydride. 

E0019I Figs. 2A and 2B illustrate camnlative release of paclitaxel as a function of 
time for carrier layers contaiaing paclitaxel and (a) a polystyrene-polyisobatytene" 
polystyrene block copolymer, (b) a random copolymer of styrene and maleio anirsfdride 
and (c) a ijolystyrene-poiynsobntylene-polysiyrene block copolymer bi^ided with various 
amounts of a random copolymer of styrene and maleic anhydride, in accortkuce with an 
embodiment of the present invaalion. 

f.00203 Fig. 3 illustrates cmnulative retee of pacKtexel as a fiinction of time for 
carrier layers containing pacMtaxel and (» a polyst5 rene-polyisobttt>'ien6-pol>^t>Tens 
block copolymer, and (b) a polystyxene-po{yisobutyleiie-poi>'styrene block copolymer 
blended with various amoutits of styrene-co-acryionitrile copolymer, in accordance with 
an enibodiment of the present invention. 

|0O2I] Fig. 4 illnstrates cnmalative release of j«iciifaxel as a function of time for 
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oamer layers containing paditael and (a)] olysiyjeBc-piih'isi btnv t,n<"-poi>=;i 'Ciu- bjoJ< 
copoljiner, (b}poly8tyreae-polyisobiityieiiF-polyst>jene Dlock oopob'ntr jlendcd^^ fth a 
random copolymer of styrene andmaleic aol ydude, (c^ poi>3t>T?ne-poh i^ohuMcnc- 
poiystyreRB block copolymer Mesaded with an alternating copolynaer of ^t^rttK- avi 
nialeic aabydtide having a molecuiar wdght of approximately 50,000, (a^ pol^ sr fcnc- 
poIyisobnlyleae-polystyTBne block copolymer blended with an altematmg copol^TOer of 
styrens and maleic anhydride having a moiscitiar wei^t of approximately 1 70y, 
{0022] Fig. 5 illustrates cumulative release of pacUtaxel as a function of time for 
earner layeis contaiaiag paclitaxd and (a) apolystyreneijolyisobulytene-polysiyisne 
Mock copolymer, (b) a random copolymer of slyreae ami maleic anhydride contamiag 
approximately 7 wi% maledc anhydride blended wifii a poly Btjiene-polyisobutj^ieae- 
polystyrene block copolymer, and (c) a random copolymer of styrene and maleic 
anhydride coniaitnng approximately 14 wt% maleic anhydride blended wth a 
polystyrene-polyisobwtyiene-poiystjiene block copolymfid:, in accordance with an 
embodiment of Ihc present invention, 

DETAILED DESGRXPTION OF THE IJ^VESfllON 

[0023] Tlie present invention relates to flae ass of styrene copolymers m rslei^e 
layers that control the release of teapeutic agent txm aa implantable or insertable 
medical device, 

10024) By "release layer'' is meant a layesE that regulates die mlc of release of a 
therape^itic agent. Two preferred release layers for tise in accordance with the ptcsent 
invention are carrier layers and barrier layers. 

[0025] By "caixier hyse" is meant a layer which contains a fiierapeutic agent and 
iSrom whicb the tberapeutic agent is released. 

{00261 By "barrier layer" is meant a layer which is disposed between a source of 
teapeudc agent and a site of intended fele^ and which Impedes the rate at which the 

therapetitio agent is r eteased. 

10027 j According to one aspect of the present invention, a medical device is 
provided which comprises an outer carrier layer disposed over at least a portion of mi 
implantable or insertable medical device. The outer carri^ layer comprises a styrene 
copolymer, an additional polymer and a &erapeutic agent Upon implantation or 
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msertioa of the device, fee fcetapsatic ageat is released ftom the cairisr layer in a 
coutroHed fashion. 

[Q028J According to anote aspect of the prasent Hivention, an implantable or 
insertable medical device is provided, which comprises (a) a th^apeutic-agent-contaimg 
region and (1>) a barrier layer comprisicig a stjtene copolyra^ and an additional polymec 
ovar fee therapetitic-agent-containH3g legioa. Because the barriei- layer is disposed over 
fee iherapeatic-ageat-cootaining legion, the barrier layer acis to control teleaae of fee 
therapeutic agent from the medical device aftsr implaatation or insertion of the same. 
10029] Preferred iinplsntahle or insertable medical devices for use in conjunction 
wife fee present invention include caJhetets (for example, renal or vascular caihefers soch 
as balloon catheters), guide wires, balloons, fillers (eg., vena cava filters), stents 
(including coronary vascalar stents, cerebral, nrethrai, ureteral, biliary, tracheal, 
gasttointestinal and esc^ih^eal stents), stent grafts, cerebral aneurysm filler coils 
(iEchding GDC-Guglilna detachable coils~and metal co^s), vascular grafts, myocardial 
plugs, patches, pacenmkfas and pacetaaket leads, heait valves, biopsy devices, or any 
coated substrate (%yhich can compsise, for ©cample, glass, meH polymer, ceramic and 
combinations thereof) that is implanted or inscjEtsed into the body, either for procedural use 
or as an implant, and from which tiierapeutic agent is released. 
{0030] The medical devices contemplated for ase in coimecSion vifife the present 
inveatioB include dnig delivery medical devices feat axe used for either systemic 
treatment or for the locafed treatment of atrj^ mammalian tissue or or^n. Non-limiting 
exainples ate timiors; organs including bat not limited to the heart, coronary and 
peripheral vaseutiar system (referred to overall as "the vasculature"), lungs, trachea, 
esophagus, brain, liver, Mdney, bladder, uieOixa and ureters, eye, intestines, stomach, 
pancreas, ovarj', and prostate; skeletaS muscle; smooth muscle; breast; cartilage; and 
bone, 

|003Xj One particttkdy prefsrred medical device for use in cormection mth the 
present invention is a vascular stent, which delivers therapeutic agent mto the vascuktoe 
■for the treatoient of rest«aosis. As ifsed heiem, "tieatmeat" reiers to the prevention of a 
disease or condition, fee reduction or elhnination of symptoms associated wife a disease 
or condition, ca- the substantial or complete eliminatioai a disease or condition. Pmterred 
subjects ate mammalian subjects and more preferably fatimaa snhjecs. 
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f0032J "Therapeutic agents", "phsMaaceitticaUy active ageBJa"» "pbaimaceutically active 
materials^ "drugs" and oftiet related teons may be used mterchaageably herein md 
include genetic therapeutic agents, nan-genetic tlierapeatic agents and ceils. Therapeutic 
^ents leay be used singly or in coaibinatioa 

[0033] Exeaspkcy non-genetic flier^eutio agents for use in connection wife fee 
pmmt inventiou include: (a) anti-flirombotic ag^ts soch hepatin, heparin derivadves, 
Broking, and PFaok (dextrophenylalanme pmline arginine chloiomethyifcetone); (b) 
anti-iuflaimnatory agents such as dsxamethi^one, ptedmsolone, cotticosterone, 
budesoaide, estrogeo, salfesalaaJne and mesaJamine; (o) 
antineopiastic/antiproHferativw'aati-miottc agents such as paciitaxesi, 5-fiuoTouiaciI, 
cisplatin, vinblasfine, vincris&ie, epafeilones, endostatin, sngiostatin, angjopeptin, 
tnonocionai antibodies capable of Mocking smooth muscle ceflpfolifcration, and 
thymidine kinase iiihibitois; (d) anesthetic agente aich as Udocaine, bupivae^ns and 
TOpivacaioe; (e) anJi-coagulatits such as D-Phe-Pro-Arg chlorcHMefhyl ketone, an HGD 
pcptide-containing compound, heparin, himdin, antifhrombia compaunds, platelet 
receptor antagonists, anti-Qirombin antibodies, anti-platelet Tec<^r antibodies, aspirin, 
prostaglandin inhibitors, platelet inhibitors and tick antiplatalet peptides; (f) vascular cell 
growth promoters such as grow& fectors, transcriptionai activators, and translational 
prmnofOTs; (g) vascular cell growJh inhibitors such as gcow&i fae&H' inhibitois, growlh 
fector receptor antagonists, transcriptioBial tepressors, ttansMonal repressors, lepKcation 
inliibitois, inhibitory antibodies, antfcodies directed against grovMh factors, bifisnctionai 
molecules consisting of a growth factor and a cytotoxin, bifunctionai molecnies 
consisting of an antibody asid a cytotoxin; (h) prtjtein kinase and tyrosine kinase 
inhibitors (e,g.< tyiphostit^, genistein, t|uitioxaliiies); <j ] Dioatacycim analogs; (j) 
cholesterol-lowering agents; {k) angiopoictiEjs; C) anttn«ci-obia1 agents s^jcb ?s ti.vAibAti, 
cep^alospnnns, atmnoglyccaides &bx. niJrofiitaitoin; {-nt j\ to toxic agaifo. c; 'Oitafto 
ajicnTi and ^loiit^ratiou affectors, (t3) %afodi''a- . ? jenV, and (,o)agenis Adt 
nti.r%^ well en(^oj;cntnis vasoeactist; rrocrsnbir.^ 

[0034! ii\cn5pia:y ccnchc tfterape«tR ajcii ^ o- i- > i-i uon (\uh tl^e 
inv'est.on incSude j.nti-PtTis<; DN \ asid RNa as v d * = TA V iJirg tot i i) dTils-eii-^- 
RNA, (b) tRNA or rRN A to replace defective or deficient endogenous molecules, (c) 
angiogenic factors including growth fte-tots such as acidic and basic fibioblast growth 
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factoi ■> \ asciihr sudotbL.l!,il gtuvi'th factor, epitiernial gn'WjJi factor, riaAsfurmirg gT>iv/r t 
iactv>i' a aaJ % pLdclcc-donved cxidothelmi gro'Si.lh factor, platdst-dcnvcd gro\v1h tactui, 
tumor aec osls, tactor &, hepatoate grO'i^'lh factor and insulin-Iike nowih faclO'-. k3) cell 
c\cl<^ Hhib^iu!^, mcUidiag CD mluhitois, .«id ip) ihjimdme kitiast^ ("TKl') a£k otbci 
agem«5 Hbetitl icii ■ntjftfeimg v,un coH pmliferabo i. Aha of iirfeTesi is D\ \ r-ncudmy foi 
the feciiiy of boae moipbogejiic pioteins ("BMP's"), ineMkg BMP-^2, BMP-3, BMP-4, 
Bm-S, BiW.$ (Vgr-l). BMP-? (OP-1), BMP-g, BM3>-9, BM?40, BMP-ll, BMP-12, 
BM.P-0, BMP-14, BMP-15, and BMP-16. CmTeiUly preferred BMP's are any of BMP- 
2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7, "Hiese dimeric pmteim caa providsd 
as liomo<3itners, heterodSmers, tsr combiaattons thereof, aloae or iogeiJi«r vvi& ote 
taolecutes. Alternatively, or m addition, luofccules capable of indacing an upsteam or 
downstream effect of a BMP can be provided. Such molecules include any of ilie 
"hedgehog" proteins, or the DNA's encodiog tbem. 

^0035] Vectors for deiiv«y of genetic therapeutie agents include (a) plasnads, (b) 
viral vectors such as adanovinis, adexioassooiated vin@ and Isntivirus^ and (o) rton-vixal 
vectors such as lipids, liposomes andcationic lipids. 

(00361 Cells for ase m connection with the present invention inclnde cells of human 
ongin (autologous or allogeneic), including stem celk, or t<m m ammal source 
(xenogeneic), which can be genelically engineered, if desired, to deliver proteins of 
interest 

[0037] NHSierotJS therapeutic agents, not necessarily sxclusivis of those listed above, 
liave been identified as candidates for 'rascuisr treatment regimens, for example, as agents 
feurgedng reateaiosis. Such agents aie use&l for the practice of the present invention and 
indttds one or more of the following: (a) Ca-chsnnel blockers inclttding 
benzotinazapiaes sach as diltiaaasm and clentiazem, dihydispyridines such as mfedipme, 
amlodipine and nioardapiae, and phatiylallcylatnines such as verapamil, (b) serotonin 
pa&way modulators inchiding: 5-HT antagonists such as ketans^ and naftidrofeiy], as 
weH as 541T iiptake mhibitois such as fluoxetine, (c) cyclic nucleotide pathway agents 
including pliosxAodiesterase inhibitors such as cilostazole and dipyridamoie, 
adenylate/Guanyiate cyclase stinmiants such as forskolits, well as adenosme analogs, 
(d) catecholamine modulatoJ? Including a-antagomsfe mdi as prasosis ajid btuiazosiiie, 
p-antagonists such as propranolol md a/p-aatagonists such as labetabl and carvodilol, (e) 
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eaado&elk recqptor antagonists, (f) nitric oxide doaors/reieasjBg molecules sichiding 
orgaaic Bitrates/niteites such as nitroglyeerin, isosorbids dmitrate and amyJ nitrite, 
inorganic aitroso cojapotmds such as sodiam nitropmssidej sysSnoniialnes such as 
molsidomine and linsidoimae, nonoates such ss diazenium dioktes and NO addacts of 
alkanediamines, S-nittoso compounds mcliidmg low molecular we jgM compounds (e,g„ 
S-nitroso dfidvatives of captopril, glutalMone aiid N-acefyl penicillamine) and Mgh 
mofecular wei^t componnds (e.g., S-nitroso derivatives of proteins, peptides, 
oHgosaccharides, poiysaccharides, synthetic polymers/oligomers and nainral 
polymra^'oHgomers), as well as C-mtxoso-compounds, O-nitroso-compotmds, N-nitroso- 
oompoands andlu-argjirine, (g) ACE inhibitors s«ch as cilaasiptil, fosanqprii and malapril, 
(h) ATH-reoeptor antagonists such as saralasin and losartm, (i) platelet adhesion 
inhfcitnrs snch as albiaain and polyetihylene oxide, (j) platelet aggregation inhibitors 
inclttding sspinn sad flnenopyridine (ticlopidine, dopidogrel) and GP ISMSh inhibitors 
such as abcixiroafa, epitifibatide and tiroSban, (k) coagntaiion pafcway njodulatars 
including heparinoids such as heparin, low molecnlar weight heparin, dextraa snlfete and 
P-cvclodextrin tettadecasitlfate. tltrombin inhibitors suoh as hkudm, hiralog, PPACK(D- 
pbe-L-piopyi-L-arg-cj.iiofumel1i\1kf-f>>ne) aod argatrobaai, FXa inhibitors such as 
antistatin and TAP (tick anticoagulant peptide), Vitamin K. inhibitors such as warfaiin, as 
well as activatsd protoui L . {D c>clooxy?enase pathway inhibitors such as aspirin, 
ibuprnfen, flurtnpro&n. mdomelhacm and sulfinpyrazone, (m) natural and syniiietic 
carDcostsroids such as dexamethasone. prediusoloiie. jnetliprednisolone and 
hvdiocciiiijont:, (n) lipoA} gcna^^e paihtvay mhil-itr^fs such as nordilndtogaaiictic acid and 
OAffetc acid, (o) leukotrien*; receptor aatEigc-.-^tstN (p"; mugontstb of E- and P selectms, (q) 
i«hibitor3 of VCAM-1 and It -WI-l nVe a:: ^^ v t^i -^^taglandins and analogs .hereof 
mchtding piostaglanciins suen as 1 Ghl an>^ Pt ill ia p;obi.ioyuiri .laaloi^.s such .is 
t,iprni.l<^ne, epupiostx^rol, v-AtbaGyclin. tlopiostand ixrapro^t {>,) macrophage '-tctivation 
picventx.rs Hicludms bi-^phasphonatcs, }P'lC-r, \ K'daot^ji^ mVbilois such a. 
lovaattitir. pras'aatatm, tluvastatin, siTn^'.; itin itiv. v^-n\. <a : - "-i, ^iU aadonugs-3- 
fatt;- aoids, o nce-rjUK\U s^a^enaets ^\ ci: t= ^.-ch <i- p onn:o;, ^-i.Am ns r amd f 
ebsefen. ttans--t;tino-c actc -nd SOD --ra-vs, aucii ^ ^tfcolint; xaiious ^fv^di hc^otf 
including tOF pathway agents such a. bFGF antib dies and chimeric fusioo prutoins, 
PD0F recqjtor antagonists such as trapidil, IG? pa&way agents including somatostatin 
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analogs such as atigiopeptm and ocreotid.6, TGF-p pa&way agents such ^ polyamoiiic 
agents (hepaxin, fiicoidia), decorin, andTGF-p antibodies, EOF pathway agents such as 
EGF antibodies, receptor antagonist and cliriineric fusion proteins, TN.F-a pathway 
agents such as thalidomide and analogs thereof, Tliromboxaiie A2 CrXA2) pattfway 
jnodafetos such as sulotroban, vapiprost, daxoxibm and ridogrel, as well as protein 
t^osine kin^ juMbitors such ^ tyrphostm, geuistein and quinoxaline dsrivaiives, (x) 
MMS pathway inhibitors such as marfmastat, ilomastat mi metastat, <y) cell uiotilitj' 
iRhifoitors such as cytochalasin B, (z) antipiofiferative/aiitineoplastic agents inchiding 
anfeiietaboKtes siich as purine aiialogs(6-meicaptDpwrine), pyrinridine analogs (e.g., 
cytarabinc and 5-fluorouracil) andme&otrexate , nitrogen inustards, alltyl sulftmates, 
ethyfenimmes, antibiotics (3.g,, dauiiombichj, doxoxubiein), rdtrosoiireas, cisplaliii, agents 
affecting micmtabule dynamics (e.g., vinblastine, vincristine, colchicine, paciitaxsl and 
epothilone), caspase activators, proteasome inhibitors, angiogenesis ihhibitois {8<g., 
endo^atin, angiostatin and squatemine), rapamj'cin, cedvastatinj fiavopiridol and 
sufamiii, (aa) matrix depositioa/cfr^ization pathway ihhibitDrs such as halofuginotie or 
other quinazolmone derivaiives and tiamlast, (bb) endothelialtjtation ^ciiitatois such as 
VEGV and ROD peptide, and (cc) blood iheologj' modulators such as pentoxifylline. 
[00381 Numerous additional therapeutic ageats useful for &e practice of fee present 
invention are also disclosed hi US. Patent No. 5,733,925 assigned to Neo-Rx Coipom^on, 
fee entire disclosure of which is iiicor|3orafed by reference, 

[0039] A wide range of iherapeutic agent loadings can be used m connection with the 
medical devices of tie present iuvendoa, wift fee amount of loading being readily 
detemiined by thtm of ordinary skill in the art and uitimateiy depending, for example, 
upon tiEie condition to be treated, tlie na tuie of the therapeutio agent itself; lite xmirm by 
which the therapeutic agent is administered to the intended subject, and so fot&. 
[0040] Hie present invention utilizes release layers comj^smg a styrene copolymer 
and an additional Dolymer. 

[0041 S A 'o-' ent;>.ori M\cr " a -^c iret iorr/eo ?om ran or more di!>siimlar 

st\'r<='i5f ui\o-a1b Irtsd sr ^.s j-, ^^ i^-^ir ^ i.i1ti stvTcnt'';. or ^.thcr tubotiu'itd i^tircneb 
where one or more aubstituents are present on the aromatic ring). Such copoiymers may 
be, tor example, random copofj-mers, alternating copolymers, block copolymer or ^t 
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copo^Tners, and may be, for iKtaiaple, linear, star-shape4 or branched ia foini. 
Copolymers coiapismg f andom polymea: chains formed ftom two or more dissimilar 
moaomers, at least oue of which is styrene m a stj^ene derivative (refstxed to hsma as 
"f aadom styr ene copolymers") and oopolyiiiers oconprisittg altemstlog polymer chains 
formed ftom two or more dissimilar mononaers, at least one of wluch is st>T«ae o£ a 
^jTeoe derivative (tof med to h«rem as "aHmiating styreae copolymers") ace pieforied. 
10O42J Examples of slyrene copolymm for Uie practice of the presmt inventioa 
include copolymers of: (1) a laonomer of styrene or a styrene derivative miii (2) at least 
one adifitbml monomsr, prdsacably selected ftom unsaturated moooiaers such as: (a) 
alkyiene monomers, such as efcylene, propylene, butadiene, butylenes (e.g., butylene, 
isobi;ri.yleiie), and isoprene; (b) halogenated allcylene monomers (e.g., tetraflaoroethylene 
and chloroethyiene); (g) vinyl monomers and derivatives, such ss, meSiyl vinyl ether, 
vinyl acetate, viuyl ethylene (butadiene), vinyl chloride, vinyl pyrroKdone, vinyl cyanide 
(aciylonitrile), and vinyl alcohol; (d) acrylic acid monomers and derivatives, such as 
metlsyi acrylate, methyl meftacrylate, acrylic acid, msfhaciylic acid, hydroxyethyi 
acrylale, hydioxyefeyl methactylate, glyceryl acrykte, glyceiyl melhacrylate, aciylamide, 
methacryiamide and ethacrylamide; aad (a) mdcio anhydride monomers and derivatives, 
including maleic anhydride, maleic anhydride in a free add form, maleic anhydride ia a 
salt form, and malsio anhydride in a partial ester form. 

|0043| Specific examples of styrene copolymers include acrylonitrilfi-batadisne- 
siyreiie copolymers, actylonitrile-chlorinatedpolyethyleae-siyrene copol}?mers, 
aciylcnitnle-styrene-acrylate copolymm, acrylonitrOe'^&yleae-ptopyl^^ 
copolymers, ethylene-sr/i-ene copolj^ers, methyl me&acryiate-butadie{ie-st>Tene 
copolymers, mefeyi tsetiiaaylate-acrylomtrile-batadieae-styrene copolymers, olefin 
modified styrene acrylonitrile copolymers. butadieTtc-stjTene copoiyiners, stj-iene- 
isopiene copolymers, styrene-acrj'lomtiiie copol>TiieTs, styrene-ethylene-butylene 
copolymers, , styrene-raaleic anhydride copob,mers, and siwene-methyl metocryiaie 
copolymers. 

{0044j In forming the release layers of the present invention, &e styrem copolymers 
are blended or crosslinked witli one or more additional polymers. Ihe additional 
polymers rmy bs, for example, homopoiymers or copoiymers, crossMaked or 
uncrosslinked, linear or teaached, aatuxal or syntietic, thermoplastic or tiasrmosetting, 

u 
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10045] Ad<Stioaal pojymesrs kclitde &8 folJowing: polycarfaoxylic acid polymers 
Slid copolymers motadmg polyaciylic acids (e.g., acrylic latex dispersions and various 
poiyaciylic acid products sucb as HYDJIOPLUS, avaitabfe from Bosftm Scientific 
Corporatioa, Natick Mass. and described m "U.S. Patent No. 5,091,205. tiis disclosure of 
which is hereby incorpoiated herejn by Ksference, and HYDROPASS, also available &om 
Boston Scientific GorporatioaX acetai polymers and copolymers; octylste md 
mcfhaciylate polymers and copolymers; celMosic polymers and copolymers, including 
cellulose acetates, cellulose nittates, celMose proptonateis, celMose acetate bu^tes, 
eellophaiijes, rayons, rayon ttiacetates, and cellulose ethers sucb as carfaoxymethyl 
oelMoses and hydoxyalkyi celluloses; polyoxymeiljyleEte polymers and copolymers; 
polyinxide polymer avd copolymers soch aspolye&er block iraides, polyamidiniides, 
polyesterimides, and polyefeeiinrides; polysalfone polymers and copolymers iucluding 
polyarylsulfones andpolyeibersallbnes; polyamide polymers and copolymers incladmg 
nyioa 6.6. polycaprolactams andpolyaciylamides; resins including alkyd resins, phenolic 
resins, area resins, melsmiae resins, epos^' resins, allyl resins and epoxide resins; 
polycarbonates; polyaciylonitrjles; polyvinylpyrrolidones (cross-linked and otewise); 
polymers and copolymers of ^diiyl moncaners including polymyi alcohols, polyvinyl 
halides such as poly%Tnyl chlorides, ethjlcnc-vinylacetate copolymers (BVA), 
polyvinylidene chlorides, polyvinyl ethers s'ach as polyvinyl methyl ethers, polystyrenes, 
styrene-hutadiene copolymers, acrylonitdle-stjTene copolymers, acrylomtrile-hutadiene- 
styrene copolymers, siyrene-batadiene-styrene copoiymers and sljTene-isobaiylene- 
siymm copolymers, poiyi'ijiyl ketones, polj-vinylcaibazoles, and poiy^iiiyl esters sufch as 
polyvinyl acetates; polybexiziraidazofes; ionomers; poiyalkyi oxide polyiners and 
copolymers including polyethylene oxides (PEO); glycosamlnoglycaHs; poiyestere 
iacluding poiyejfeylene tereph&aktes and aliphatiu poiyestejrs such as polymers md 
copolymers of lactide (wfeich includes lactic acid as well as d-,1- and msso lactMe), 
epsilon-caprokctone, giycohde (including giycolic acid), hydroxybutjtate, 
hydroxj.'vaierate, para-dioxanone, trimethyleue carbonate {md its allcyl derivatives), 1,4- 
dioxe|5an-2-one, l,5-dioxepan-2-one, and 6,6-dimethyi-l,4-dioxaii-2-one (a copolymer of 
polylactic acid and polycaprolactone is one specific example); polyether polymers and 
copolymers incfcdiag polyar>dethers such polyphenylene etiiers, polyether ketones, 
polyether ether ketones; polyphenylene sulfides; polyisocyanates (e.g., U.S. Patent No. 
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5,091 ,205 describes medical devices coated with one or more poljasocyaxjates sack that 
the devices become iBstautly lubricioiis wiien exposed to body fluids); polyolefm 
polymers and copolymsrs, mcladiag poJyalkjtoes such as polv-propylenes, polyetl^j'-lenes 
(low and Mgh dojsity, low aad higk mofecalar weight), polybutyleaes (suck as poiybut-l- 
eae and pol>'isobBt>4eneJ, poIy-4-msf3iyI-pett-I>enes, e%teiie-aiplia-olefi» copolymers, 
ethylene-me&yi methacrylate oopolymets aMethyleue-vinyl acetate copolymers; 
JSuoriisated polj-mers and copolynjers, mciadsag polytetrallooroefhyienes (PTFl^, 
poly(te1iafluofoet%lsate-<;a4iexaftaoK)propeiiii) (FEP), modified ethyiene- 
tstrafiuoroethyicaie copoiymacs (ETFE), andpolyvinylideae fluorides (PVDF); silicoae 
polymeas andccpolytn^; poiyurethanes (8.g., BAYHYDROL polytuethaae dispeisions); 
p»33'iyl8ne polymer; polyimfaiocaifeosates; copoly(etiti8r-6stsrs)s«ch as polyethyiene 
oxtde-polykctic acid copoIyraetB; polypho^hazities; polyalkylene oxalates; 
polyoxaaraides and pofyoxaesteis (including those contaiottig amines and/or anudo 
groaps); polyorthoesters; biopolymers, such as polypeptides, proteins, polysacdiarides 
and &tiy acids (and esteis thereof), mciudiJlg iSbrin, fibnnogeti, collagen, ©lastm, 
cMtosan, gelaiiii, starcli, giycosaaanoglycaas snch as hyaluronic acid; as well as Wends 
aad copolymer of fee above. 

100465 Some exemplaiy additional powers for use in combination wiUi the present 
invention axe block copolymats comprising at least two polynjeric blocks A and B. 
Examples of such block copolymers include the following: (a) B A (linear diblook), (b) 
BAB cr ABA (linear triblock), (c) B{AB)„ or A(BA)n (linear alternating block), or (d) X- 
(AB) a or X~CBA) „ (includes diblock, triblock and o&er radial block oopolsroers), where 
n is a positive whole number and X is a starting seed, or initiator, molecule. 
[0047J One specifically pisfeirsd group of polymers have X-(AB) a stnictuxes. which 
are frequently tefenssd to as diblock copolymers and ttiblock copolymeis where n=I and 
n^2, reapectiyely (Sns tenainoio^ disregarife the presence of fee starting seed moleonle, 
for example, treatsng A-X- A as a single A block with the triblock tfeerefoie denoted as 
BAB), Where n»=3 or mote, these stmctutes are common^' refenred to as gtar-«haped 
block copoiymecs. 

[0048] Other examples of additional polymers include branched block copolymers 
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such as te^ritic "block copolymers (e.g., arboiescentWock copolymers), wherein at least 
one of &e A and B blocks is teanclifsd, and preferably wteein tlie A bloclcs ar« Isiattched 
md espp&d by the B blocks. 

[00491 The A blocks are preferably soft elastomeric compoiieats which ar« based 
upon oae or mote polyolefias or other polymer with a gto trsmsition tempa:at«ie at or 
below room temperature. For example, the A blocks can be polyolefmic blocks having 
alternating quaternary aad secondary casfcoBS of the general fonmlation: -(CRB'-CH^V, 
where R and R' are linear or braacbed aliphstie groups such as mefhyl, ethyl, propyl, 
isopropyl, butyl, isobutyl and so ferth, w cyclic aliphatic groups such as cycloheKane, 
cycfop^tane, EKid fee like, with md without poidant groups. Inferred polyolefoiic 

blocks incMe block$ of isobnlylene, " (i.e,, polymers where R and R' are the 

same and are me&yl groups). Other examples of A blocks include silicone rubber Moclts 
mi acrylate rubber blocks. 

[0050} The B bloclts ate preferably hard ihmncfplastic blocks wife glass transition 
tempeiateres sigaificasitly higher than the ekstomeric A block that, wbcji combined with 
the soft A blocks, are capable of, inier alia, altering or adjustiag the hardness of the 
resulting copolymer to achieve a desired combjoaiion of qualities. Preferred B bloclss are 
polymers of mefhacrj'lates or polymere of vitiyl arc>matics. More preferred B bloc1<a are 



(a) made from monomers of stj^rene , styrene derivaiives (e.g., a- 

methytstyrene, riiig-albykted styrenes or rfng-halogenated stjtsnes or other aubstiiutesi 
styrenes where one or more substituents are present on the aromatic riag) or mktutes of 
Ibe same, callectively refmed to herein as "sSj'renic blocks" or "polystyreitic Mocks" or 
are (b) made Irommoaomets of methylmethacr>'late, ethyimefiiacr^'kte hydroxyethyl 
metiiaorykte or mixtures of the same, 

fOOSlj More preferred are additional polymers that are d^tomeric. As deilxied 
herein, an "elastomeric" polymer is a polymer that oan be stretched to at feast 1 .5 times its 
original teagfli at room temperatmre and, upon release of fee stretehing stresSj will reton 
with force to its approximate otigiaal length. 

[0053] Jn some particularly prefsrretl embodhasnts of the present invantioK, a 
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sijiene copolyiBer is combiued wiA oae or more of the foliowing elastotam: (a) a 
copol>iRer of polyisobulylme ^vith poiysiyrene or poly-alpba-metiiylgtyrene, mote 
prefemWy polystyr(me-poiyjsofottiylens-^olystyrene triblock copolymei^ wiiich, aloag 
with ote polymeias a|jpropriate for the praotioe of the piesent inventioa, are described, 
for example, in U.S. Patent No. 5J4l,331, U.S. Patent No, 4,946.899 and U.S. Serial No. 
09/734,639, each of which is hcrdby incorpoiate<i"by reference in ite entireff, (b) a 
copolymer confining one or more blocks of polystyrms and one or more random 
polymer blocte of ethylene and bntyleae, for example, a poiystyresje- 
polyethylenaOjulyiene-polysiyrene (SEBS) block copolymer, availabk as Kraton™ Q 
series polymers available &om Kratna Polymejts; (c) a homopolymer of n-bafyl 
raetibacjyiate {BMA}; and (d) arborescent polyisobutylene-polysftyreoe bloclt eopotymera 
such as those described in Kwoa et ai., "Arborescent Foiyisobutyleae-Polyslyxene Block 
Copolymers-a New Class of Thermoplastic Elastomers," Pofymer Pr^rinw> 2002, 43(1), 
266, which is hereby incoiporated by reference in its entirety 
[0053] The release characteristics associated with the release layers of tlie jiresent 
invention can be varied in a number of ways, including &e followajg: (a) varying i3ie fype 
of slyrene copolynje^s) used within the release layer, (b) varsing ihs molecular weight of 
the styicne copol>Tner(s) nsed within the release layer, (c) vaxytag Uie relative amonnt of 
s^ne mononier in flie copolymer, relative to the other monomers, and (d) varying 6ie 
^e. molecular weight and/or relative amount of the additional polymer, Sevsial of 
tliQise effects are demonstrated in the Examples below. 

[00S4j Medical devices having s snstained release profile are preferred in many 
cases. By "st^taiaed release profile" is meant a release profile in which less than. 25% of 
fee total release from the medical device feat occms over the course of 
implantation/insertion in the body occurs within the first 1-3 days of adiniaistration. 
Convsrsefy, this means that more than 75% of the i»tal release from the medical device 
will occnr. after the device has been implanted'inserted for 1-3 days. 
{0055} In general, the release layers of the present invention are formed asing any 
Kombsx of known fechniques. Solvent-based fechniqnes, is which &e stjTene coiwlj^tner 
and the additimM polymer are dissolved or dispersed In a solvent prior to layer 
fiarmafion, are preferred. 

[Q056J Where solvents-based techniques are used, die solvent system that is selected 
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wfll oonlain one or mote solvent species. The solvent system preferably is a good solvent 
for the polymers and, where included, for th« thesrapeutic agent as wail. The particulas 
solvent sjtedes that mak« up the solvent system may also be selected based on other 
charactedstics including drying rate and surfece tension. 

[0057] Solvent species lhat can he used in connection with the present invention 
include any combination of one or more of the fijUowing: {a) water, (b) a&anes such as 
elhaiK, hexanc, ocftane, cyolohsxane, heptane, isohexane, bntane, pentane, isopentane, 
2,2,4-trimelMypentane, noi^e, decane, dodecans, hexadeoane, eicosane, 
methylcyclohsxane, cis-dscahydroaaphdjaleBe and bans-decahydronaphthalene, (c) 
aromatic species such as benzene, toluene, J!ylene(s), nsqjhfhalene, styrene, efhylbenzene, 
l-methylnaph«iaiene, 1,3,5-tranetiiyIbeniaene, tstrahydronaphlhalene, diphenyl and 1,4- 
diefliylbenasne, (d) halohydrocarboas including (i) cblorohyhdEocaibons such as 
cMorofona, ffltefeyl cModde, dichloromettiaRe, l,l-dichloioethyien6, ethylene dicModde, 
ethyMdene chloride, propyl chloride, cyclolwstyl chloride, 1 ,1, l-trichloroethane, 
percMoroetbylene, tricMoiosffhyiene, butyl cblotide, carbon tetrachloride, 
tetrachloroethylene, chlorobenzene, o-dichlorobenzene, benzyl chloride, 
tricHorobiphenyl, raethylcyclohexane, l,l,2,2-tBtrachloroetfaan6 (li) flnodnated 
halogenated species such as chlorodiflouoromethane, dichiorofluotomefhane, 
diclilorodifluoromeihane, irichlorofiuofomethane, i,2-dicWorotetrafIuoroefhane, 1,1,2- 
trichlorotrifhuii (x- i-,u: ; - j: i luor(methylcyc1ohex,ine), per0uor(dimethyicyciohexane) 
and (iii) othCT hai> -"n> ooarbon^ such as ethyl broiiiide, ethyiidene bromide, ethylene 
dibfomide. mbiomonseUiatie, bromotj'tfluoromethane, l,l,2,2-tetrabiomo<;timn£5> 
brortjobenzi'jie, brojuodibromethane, 1 -broraomiphihalene. methyl iodide, methylene 
diiodlde (e) acid aidehydes'anhydrides such as acetaldehyde, fiirfuTid, hutyiiddebyde, 
benzaldehyde, acetyl chloride, succinic anhydride and ace.tic anhydride, (f) alcohols 
including (I) phenols st^-h as. phenol l^S-bsf-^enedio;, m-crcsol, o-metiiox\'phenol, 
met}^y1 salicylaJe and notiviphenol, (ii) por-hydric alcohols such as etlrvlene glycol, 
glycerol, propylene glycol, 1,3-buianedioL dteth\ iene glycol triethylene glycol. hex}4eme 
glycol and dipropyieae glycol, and (iii) otl-.er alcohols sncl-; a.'^ methanol, cthanol, ethylene 
cynnohydrin, ailyl alcohol, 1-prapanol, 2-propanoI, SKhloroprojianol. furfatyi alcohol 1- 
bntanol, 2-bntanol, benzyl alcohol, isobtitsnol, cyclohexanol, l-jsentanoi, 2-elhyl-i- 
butanol, dmcetone dcohol, l,3-dimethyl4-butanol, ethyl lactate, bafyl lactate, ethylene 
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glycol monometiiyl eSiesr, e%lese glycol monoe%l ether, diethyte glycol 
monomediyi ether, diefeylene glycol monoathyl e&er, ethylene glycol monobuiyl ether, 
2-eiihyi-i-hexaiiol, 1-octanol, 2-octanol, diethyleoe glycol monobutyl ette, l-decanol, 1- 
ftridecyl alcohol, nojtiyl-phenosy el3iaaol, oleyl alcohol, triefhylene glycol laono-oleyi 
ether, (g) e&eis such as, epichlorohydiai, fiirao, 1,4-dioxaae, djmethoxymethaoe, diethyl 
ether, bis-(2-chlof06thyl) ether, anisoie, di-(2-raefl5oxyefliyl) ether, dibemyl ether, di-(2- 
chlotoisopropyl) ether, bis-(in.-phenosypheiioi) ether, dimethyl e&er and (Btrahydroftimu, 
(h) ketoaes, sach as acetone, cyfohexanone, isophorone, diethyl Icetoae, mesityl oxide, 
aoetophenone, methyl ethyl ketone, me%-} isoamyl ketone, nselhyl isobaJyl fcstme, and 
methyl propyl ketone, (i) acids such as tbnmc acid, aoetio acid, benzoic acid, batyric acid, 
octanoic acid, oMc acid, stearic acid, 0 estm/acetates such ethylene carboaate, 
batyrolactone, propyIene-1 ,2-C8rboiiaifi, ethyl chlorofoimate, ethyl acetate, trhnsthyl 
phosphate, diethyl oatfaomte, diethyl sulfate, ethyl forraate, meftiyl acetate, n-butyl 
acetate, isobutyi acetate, t-faulyl acetate, 2-ethoxyefiiyl acetate, isoanjyl acetate, dmie%l 
ph&alatB, ethyl dDuamate, triejhyl phosphate, diethyl phosphate, butyl benzyl phihalate, 
dibiityl phamlate, dietiiyl phthalate, tricrysyl phosphate, tributyl phosphate, dibaiyl 
aebacate, mefliyl oleate, diooiyl phthalate, dibiityl stearate isopropyl acetate, isobtitv'l 
isobutytafe, n-propyl acetate and n-butyl propionate, (k) nitrogen compounds such as 
acetomtriie, actyiomtrile, piopiomtrile, butyronitrile, nitioiaethane, nihoetljane, 2- 
nitropropaae, mtfobenzene, ethanol amine, ethylenediamine, i,i-diinethyihydraziue, 2- 
pyirolidom, pyridine, propylamaie, morphoiiae, aaaline, n-methyl-l-pyrrolidone, 
butylamine, diethyiamine, cyelohexylamine, quinolinc, dipropylaniine, formamide, B,n- 
diraethyl&rmamide, a,n-diiaethylacetamid6, tetramethyluiea, hexamethy! 
phosplioraRiide, diethyleiietriamiiie, trieifaylamiae and triethaaolanune, md 0) suifiir 
compomds such as carboji disiilfide, dkueihylsuifoxide, ethanethiol, dimeHiyl suifone 
and dietlivl sulfide. 

[0058] Preferred solvent-based techniques include, but are not liiaited to, solvent 
casting techniques, spin coating techniques, web coatmg techniques, solvent sprayiiig 
tectai.qiies, dippkg techmquea, teclmiques mvohing coating via mechanical suspension, 
including air suspension, ink jet techniques, elecliostglic techniques, and combin.atiojfis of 
these processes. Typically, a solution containing solvent ajid poij'iners (and, in some 
e^es, a therapeutic agent) is applied to a substrate to £<xm a release layer (e.g., a earner 
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layer or barrier layer). The salss&atB is typically all or a pottioa of an implantaljle or 
jnsertabte medical device, to wMch &e lelease layer is applied. 
(0059} Wfeere appropriate, (jechQiqaes such as thoise listed above can be repeated or 
combined to build up a xelease layer to a desiied tfeicka^s. The tfeickness of iije release 
layer can, lie varied in other ways as well. For ©jsample, ia one prefened process^ solvent 
spraying, coattctg thiofcaass can be increased by modiScatton of coating process 
paiameters, including incieasing spray flow rate, slowing the movement hetv^'een the 
substrate to be coated and flie spray noKzie, providing repeated passes and so forth, 
10060] In tiie case of a carrier layer, for example, a therapeutic agent can be included 
in the above-described polymer solution if desired, and hence co-established wiSi the 
carrier layer. In other embodiments, on fee other hand, the &empentic agent can be 
dissolved or dispersed within a solvent, and the resulting solution contacted with a 
pieviousty fbrmsd layer, for example, using one or mote of the solvent based applicatacn 
techniques described above (e.g., dipping, spraying, etc.). 
(0061] .Battier layers, on the other hand, aie formed o ver a teapeutic-agent- 
containing region. In some embodiments, however, the fherapeutic-j^ent-conteiiaag 
legioir comprises one or more polymers, which can be selected, for axample, from &e 
polymers listed above. As such, the ifeerapeotic-agent-contaming region can also be 
established using solvent-based techniques (e,g,, dipping, spraying, etc.) such as those 
discussed above. In other embodiments, flie therajMaitic-agent-contaimng regioa beneath 
the barrier layer is established without an associated polyoier. For example, &e 
therapeutic agsnt can simply be dissolved or dispersed m a Kqaid, and the resulting 
soiutioifc'dispersion contacted wife a substrats, for instance, using one or more of the 
.*ove-described application teclmiques. 

(0062] Where fee release layer is fo!:med «sirtg a solvent based techaique> it is 

preferably dried after aiTplication to remove the solvents. The release layer typically 

further conibrms to the underlying surface during the drjdng process, 

(0063 j Uk invention is farther described witti reference to the follovrmg non-limiting 

Examples. 
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EXAMPLE! 

[00641 A solatton is provided that contains 25 wdght% tetralsydrofuran (THF), 74 wt% 
totosne, 0.25 wJ% paclitaxel and 0.75 wt% of a polymer compositioit or blend. 
j;0065j One control solution is prepared by mixing 0.75 wt% of the block copofyaier 
polj-styrene-polyisoimtyteue-polyslyisaie block copoljoner (SBBS) the solvents and 
pacKfeixeL The SIBS copolymer is synthesissed mmg Issmni techniques such as ifaose 
described in U.S. Patent No. 5,741,331, U.S. Patent No. 4,946,899 andlLS. Serial No, 
09/734,639. 

10066J A first cotrespondmg test solution contains 0.65 wt% of the SIBS copolymer aad 

0,10 yvt% of a random copolymer of sfyime aad maleic aiihydride containkg 

approximately 14 wf/c» maleic aahydride {SMA14). Hie SMA14 copolymer is pnicbased 

ftom Sigma-Aldtich, or is available ftcon Nova Chendcal as Dylark 332. 

{0057] Anotiaer control solution is pteparsd by nrixing 0.75 wt% of the homopolyiuer 

poly(butyi methacrylats) (BMA) wfc the solvents and pacHtaxel. BMA may be 

purchased fiom Sigma-Aldricit at a molecaiar weight of 337,000, 

{0O68J A seccHid test sointion containiag 0.65 wf% of fee BMA homopolymer aad 0,10 

wi% of SMA14 copolymer in prepared. 

[00691 A third control solution is prepared with 0 J5 wt% of a polystyrene-b- 
poly(ethyiene-r-butylene)-b-polysti'Teiiebloclt copolymer (SEBS). The SEBS ccfpolymer 
is obtained from Sigma-Aidrlcb, but is also kaown by fee trade name Krnton™, 
10070] A third test solution is prepared using 0.65 vs^/o of the SEBS oopoiynoer and 0.10 

wt% of the SMA14 copoiymer. 

10071 j Ail solutions ai^e prepared by (1) mixing the pacliteel and telTahydrofeiran, (2) 
adding the copolytner or copolyme3ra, (3) adding tlsj toluene, (4) thoronghly mixing (e.g., 

overnight), and (5) fdteiing. 

10072] T5ie solution i$ then placed in a 3>Tinge pump and fed to a spray nozzle. A stent is 
mounted onto a holding device parallel to the nozzle and, if desired, rotated to ensure 
nnifonn coverage. Depending on fee spray equipment used, either tlm coinponeiit or 
spray nomh can be moved while spraying such that the noszie moves along the 
component while spraying for one or more passes, After a carrier coating is formed in 
this fashion, the ^nt is dried, for example, by placing it in a preheated oven for 30 
minutes at 65*C, ioQowed by 3 hoars at 70°C. 
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[6073] 'timso stents are foimed in tha manner for each of fee various polymedc solutions. 
{00741 PacKtaxel release is to measured as a finictimi of time in PBS with 0.5 vit/o 
Tween® 20 {polyaxyethyleneCaO) soAitaniaonolaurate) available feom Sigma-AIdrich. 
Tlje resttlts, j^esented as fee cammlative release of paclitaxel as a ftxms&m of time, are 
graphically illijstrateii in Fig. 1. 

[007SI These results indicate that the release rate of a fterapeutic agent feotn various 
polymeric carrier layers can be modulated fay tiie addition of random copolymer 
containing styrene and maleic anhydrida. 

-EXAMPLES 

{0076J A series of soMons are prepared in a procedure similar to the procedure used in 
Example 1. All solutions contain tbie following: 25 wt% teirahydiofuran (THF), 74 wt% 
toluene, 0,25 wt% paclitaxel and 075 wt% of a polymer composition or blend. 
|0O77j The control solutions are prepared by mixing 0.75 'W't% fee SIBS copolymer 
(see Example 1) or 0.75 wf/o of &e SMA14 copolymer (see Example 1) withlSie solvents 
wo. paclitaxel. 

[0078] Test solntioss are made contammg the lollowing polymeric oonstitaents: (a) 0-5 
v?f <, S\R 14 dcid 0 25 %v%% SIBS, (b) 0 3 wt% SMA14 and 0.45 wt% SIBS, (c) 0,2 wl% 

\ 4 aiid 0 ^^ u V SmS, (d) 0 1 m% W\14 and 0.55 SIBS, (e) 0.15 
SVl V14 dnd 0 t)C> v1 0 ^ms i ) ^ n vt V 4 and 0.65 v^/o SIBS (two data sets), and 
(e) 0 0*^ "st^'o \i1 «id 0 " w SUh 

f007<»] fie ooktton-> a v. ii^phed to ^fen sax ('ned according to the procedures of 
Fxampie 1 IIiia st-i\ts i)t awied uMiigtachof the above solutions. The cumulative 
lekd'^e 0 1 paditaxol a hmLhon of toe is then measared as in Example 1 . The results 
diz graphicaih i'iu-5trated m Ftas, 2 \ and 2B 

{OOSOj Tl.ebc results mdic ro tM i r 1 ' e rate of a thsrapetitic agsnt from a earner 
laver comprising a polymeric earner can he modulated by the addition of a random 
copolymer contammg siyiene and maleic atihydnde in various proportions. 

EXAMPLE 3 

|0081| A series of solutions are prepared in aprocednre similar to fee procedure used in 
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Example 1. All solutions contain the foOowkg: 25 wt% tetralxydroftiraa (IHF), 74 wtyo 
toluene, 0.25 wt% paditaxel and 0.75 wl% of a polyiuet or blend, 
[00821 Tfce control soMoa (two data sets) is piepaied by mkmg 0.75 wt% of SIBS 
copoiymer (see Example 1) mfb fee solv^ts and paciiiaxeL 

10083} Test soluiions are made containing Ifee following polysa^ic constitiiente: (a) 0,3 
w1% stypene-co-actylomtrile randnni copolymer contaimng approximately 25 wtfSi 
aciylomtrile (SAN25) and 0,45 wt% SIBS, (b) 0,10 wt% SAN25 aad 0.65 wt% SIBS, 
SAN25 may be pistcliaged from Sigroa-Aidrich at a molecular weight of 165^000. 
[0084| The soMons are ^lied to sients and dried according to the praeeduBss of 
Example 1 . Three stents are c»ated using each of the above soktions. Thus cunmlstive 
release of paditaxel as a fimction of time is then meastited as in Exssniple 1 . The lesults 
are graphically iHustrated in Fig. 3. 

[0085] These results indicate that the release rate of a theiapeufic agemt fiom a carrier 
layea: eoraprising a polymeric carrier can be modalated by the addition of a copolymer of 
slyrcne and aciylonitrile in various propcs:tions. 

EXAMPLE 4 

100861 A series of solutiom are prepared in a procediae like thattised in Example 1. All 
soMons ooftifain fee tbllowing: 25 vf&^o tstrahydrofTKaa (IHF), 74 wt% tolxsans, 0,25 
wt% paclitaxel and 0.75 wt^/o polytner. 

[0087] A control soktion is prepared using 0,75 wt% of the SIBS copolymer (see 
Ejcainple 1). 

[0088] A fust test solution is prqjami using 0, 1% SMAi4, a random copolymer of 
stytme and maleic anhydride containing j^pro3c 14 wt% maleic anhydride (see Bxsn^ls 
1) and 0.65% SIBS. 

[0089'] A second test solution is prepared umig 0.722 wt% SIBS copolymer and 
0.028 wt% of an alternating copolynier of stj^rene and maleic aniiydride (S-vL\50) having 
a molecular weight of approximately 50,000, puxch^d ftom Scientific Polymer 
Products, Inc, 

[0090} A ftird test solution is prepared using 0.722 wt% SIBS copolymer and 0.028 
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wi% of an alteraafiag copolymer of styrenB and mateic anhydride (SMA50) Ijsving a 
molecular weigW of £^io?dnifttely 1700, also purchased fein Scientific Polymer 
Ptodects, Im. 

[mi] Note <hat the laalelc aidiydride (MA) content is tie same for ail test solutions, 

[mZ] SUA14', 14% MA X 10% SMA - 1 .4% MA. total 

[0093} SMA50; 50%MAx2.S%SMA« 1.4% MA total 

[0994] Hie solutions are appUed to stents and Med according to the procedures of 

Bxainple L Three stents are coated from each of the above solutions, llie cuimiiatiw 

release of pacHteel as a fimction of titne is then measuied as in Example 1 . The results 

are graphically illjMstrated in Fig, 4. 

100953 '^These results indicate lhat the release rate of a therapeutic agent fyom a carrier 
layer comprising a copolymer of maleic anhydride and styrene can be modulated by 
varying the molecular weight of the copolymer in the carrier layer. 

EXAMPLES 

[fl09(»} A series of solutions are prepared in a procedure like that used m Example 1 . All 
solutions cotrtain the following: 25 wt% telmhydrofuran (THF), 74 wt% toluene, 0,25 
wt% pacHtaxel and 0,75 m% polymer. 

[60971 A control solution is prepared using 0.75 wt% of fte SIBS copolymer (see 

Example 1). 

(0098] A first test solution is prepared using 0.1% SMA14, a random copolymer of 
slyreae and maieic anhydride cohtaining approx 14 wt% mateic anhydride (see Example 
1) and 0.65% SmS. 

(0099] A second test .solution is prepared using 0.1 wt% SMA7, a random copolymer 
of st>Tene and maleic anhydride containing approximately 7 wt% maleic anhydride, and 

0,65% SIBS, 

[0100] The solutions are applied to stents and dried according to the procedmes of 
Exampls L Three stents are coated from each of iie above soiatjons. The cumulative 
release of pac jitaxel as a fiinctjon of time is fcen meamted as in Example 1 , the results 
are graphically illustrated in Fig. 5. 

[01011 These results indicate that the release rate of a therapeutic agent from a carrier 
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IN THE CLAMS: 

1 . A therapeuuc-agent-releasmg medical device comprising: (a> an imi>iaiitafale or 
insertable medical device; (b) a release layer disposed over at leeat a portiiou of tfee 
iirplaatable or insertable medicai device, said release layer comprising (i) a sfyrcjae 
copolymer selected ftom aii altera^iug styiene eopolymer and a iffisdom styseae 
copolymer and (ii) an additional polymet; and (c) a thei-apeiitic ag«aii, said release 
layer regulstitigtJ).e rats of relate of the thempetitic agent &om the medica! deme 
Hpon implanJation or iasettion of flie device into a patient 

2. The tttsrapeutic-agsnt-TelQasiiig medical device of claim 1 , wherein said rdease layer 
is a carder layer that comprises said Uierapeutic ageat 

3. The tfesarapeatic-agent-releasing medical device of claim 1 , wherein said release layac 
is a barrier layer disposed over a thcrapsutic-agent'-coniaiiiing region to comprises 
said therap^tsc agestit 

4. The Ifcerapeatic-agait-ieleasing medical device of claim I, whearein said itt^lautable 
or insertable medical device is selected iirom a catlieter, a guide mie^ a balloon, a 
filter, a stent, a stent graft, a vascular grafts a vascular patch, a shunt, and an 
ioii^lumina] paving system. 

5. The liisrapeutic-agettt-releasing medfical device of claim 1, wliereia said implantable 
or insertable medical device is adapted for implsntation or insertioi] into fc coKsnaiy 
vascBlatiiie, peripheral vascular system, esophagus, trachea, coloji, biUar>' tract, 
urinary trad, prosiate or brain. 

6. The tJierapentfc-figoit-releasmg juedical device of claim 1 , wherein said therapeutic 
agsat is selected from om or more of the group cojisisting of an anti-tiirombotia 
agent an anti-proliferative agent, an anti-mfla.miaatory- agent, an anti-migrftey agent, 
an ^ejit affecting extmcelMar matrix production and organization, an antineoplastic 
agmt, an anti-mitotic agent, an anesthetic agent, an anti-coaplaiit, a vascular cell 
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^ow& pKaaotsr, a vase«lat cell growtii iohibitot, a cholesterol-toweriag ag^t, a 
vasodilating agent, m& an agent that interfeitss wifh endogenous vasoacthre 
meciiamsms. 

7. The thempeutic-agent-ieleasHig rasdical device of claim 1 , wherein said stj'rene 
copolymec is aa altematiog copolyiw. 

8. The iheiapeutlc-agent-feieassng medical device of oiaim i , wherein said styrene 
copolymer is a random copolymer. 

9. The tierapeutic-agent-releasing medical device of claim 1 , wherein said siyrnie 
copolymer is a random copolymor of stytsne and maleic anhydride. 

10. The feerapeatic-ageat-rele^ifig medical device of claim U wherein said styreae 
copolymer is a random copotymet of styrene aad actylonitiile. 

1 1. Tlie therapeiitioagent-releasisg m©iicai device of claim 1 , wherein said styrene 
copofymet is a copoijuier comprising (a) a monomer comprising a carbon-carbon 
double bond and (b) a styrene monomer. 

12. The therapeutic-ageat-reieasiiig medical device of cbiim 1 1, wliereia said monomer 
comprising a caxbon-carbon double bond is an alkylene monomer. 

13. T!ie- therapeutic -agent-releasing medical dexdce of claim 1 2. wherein said alki'lene 
monomer is selected from ethylene, propylene, butadiene, butjieue, isobutylene and 
isoprens, 

^ The therapeiitjc anient rdeafeiti i i.i<;diu il de^ iv e ol c;a;T:i . 1 , wherein said monomer 
cu-rnpnMiig a catbon-cjtbon double bond is a vmvl monorac-r 

1 5. The iherapeuiic-agent-teleasing medical device of ckim 14 wherein said vinyi 
monomer is selected S»m one or more of vinyl ethers, vinyl acetate, vinyl aliphatics, 
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halogcfiated vinyl compounds, vmy! pyrroMone, actylomtelle, vinyi aleoliols, and 
viayl acn'latnides. 

16. Hie .lierapeuiic-agent-teleasiog medical dsvice of claim 1 1, wherein said moaomer 
cotripris ing a earfaon-caibon double bond is an acryEc acid monomer or acrylic acid 
derivative, 

17. Tbsf theiap^tic-agejit-releasiiigmedical device of claim 16, wh^tmix said acrylic acid 
monomer or dsriva^ve is selected feom methyl acifylate, methyl metlwcr^'late, acrylic 
acid, methacryHc acid, hysteoxyefhyi aciylate, hydtoxyefeyi metbaciykte, glyceryl 
acrylate, g!yc^l mefliaciylate, acrylaidde, msfhacfylaniide and ethaciylaraide. 

1 8. The tiierapeuttc-agent-releasmg medical device of claim 1 1, wherein said monomer 
comprising a caiton-carbon double bond is maleic anhydride or a maleic ajihydride 
derivalsve. 

19. The liierapenlac-agent-releasing medical device of claim 1, wherein said additional 
polymer is an ekstoiaer. 

20. Hie tiherapeutie-ageaftt-ieleasing medical device of claim 1, wherein said addiiional 
polymer is blended with said styrene copofymer in the release layer. 

21 . The thetapeutic-ageaMeleasiag mescal device of claim 20, wherein the additional 
polyiaer is a copolymer comprising (a) one or more blocks of polyisobntylene and (b) 
one or more blocks of polystyrene or pdy-alpha-methyfetyr^e, 

22. The thmpeatic-agei^-releasing medical device of clasm 20, wtein fiie additional 
pol>Ttner 5s a copolymer comprising (a) one or more blocks of poly^Tene and (b) one 
or more polyiiier blocks of e%ieae andbutyleas. 

23. The therapeTitsc-agent-rekasing medical device of claini 20. wherein iJie additional 
polymer is a poly(biity! metliacrylate). 
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24. The theiapeutie-agtsnt-isleasing medical device of claim 1 ^ wherdo said additional 
polymer is orossUnkod wHb said styreaie copolymer in &e release layer. 

25. '1156 tbempeutjc-agent-releasiiag medical device of claiTn 1, wherein the rate of release 
of fise therapeutic agent from the medical device upon, iaqjianlation or insertioo of tiie 
device into a patient conesponds to a sustained release profile. 

26. A method of fotmtng the fcerapei^c-agent-releasmg issedtcal device of claim 1 . 
comprising: (a) providiag a solution comprising: one or more solvsmts» add styreae 
copolymer and said additional polymer; (b) applying said solution to a surface of said 
implantable or inseriable medical device; and (c) removing said solvents irom said 
sohitton to form said release layer, 

27. The meSiod of claim 26, wherein said solution :forth<ea: comprises said ^eispsutic 
agent 

28. The method of claim 26, wherein said sohJtion is applied over a fherapeutic-ageat- 
cotttaining region feat comprises said therapeutic agent 

29. The mefiiod of claim 26, whtstein said solution is applied by a solvent spraying 
technique. 

30. A method of reieasiag a therapeutic agent a patieat comprising (a) providing 
&e fherapeutic-agent-releasing medical eevice of claim 1 and (b) implanting or 
inciting ihe aierapenisc-agent-releasing medical device of into a patiesit. 

3 i . The me&od of daini 30, wherein said msdical device is selected from a cattteter, a 
guide wire, a balloon, a filter, a stent, a stent graft, a rascular graft, a vascular patch, a 
shtmt; and an mtralnminal paving sj'stem. 

32. The metiiod of claiin 30, wherein said laedical device is inserted into fee vaseutore. 
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33. The meiiod of claim 32, whereia said fiierapeatic ageat is released ixi the tpsatinent of 
restenosis, 

34. A method of modulatiag a rate of lelease of a &erapeuiic agent fay a release layetr tiiat 
(a) is disposed over at least aportioa of an implantable or inseflable medical device 
and (b) coirq>rises (i) a siyrene copolymer selected ftom an idtemating stymie 
copolymer and a random styieae copolymer and (ii) an additional polymer, said 
method comprisiiig ciiaaging fee composittoa of said release layer. 

35. The meihod of claim 34, wherean the rate of release is modulated by chan^ fee 
amount of styiene copolymer relative to the amoimt of die additiomi polyijier. 

36. The method of daim 35, wherein the raCe of release of -Sie feeiapeutic agent is 
increased by incrsasiKg tiie amount of the styrene copolymer relative to the amoimt of 
die additional polymer, or lite rate of release of tie therapeutic agent is deci^ased by 
decreasing die amomit of the styreae copolymer relative to the amount of the 
additioml polymer. 

37. Hie method of claim 34, wherein the rate of release is modulated by changing fee 
molecular weight of tlie stjiene copolymer. 

38. The method of claim 34, wherein &e rate of release is rtiotitjkted by changing the 
amount of the sfyrene monomer relative to die total amomit of monomer within the 
siyrene copolymer. 

39 . Tne therapeudc-agom-releasing medical device of claim 20, whereiti die additioaal 
poly mer is a copolymer comprising (a) one or more polyolefimc bbcks and (b) one or 
poiysiyieiiic blocks. 
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